Direct inhibition of the mitochondrial permeability transition pore: a possible mechanism responsible for anti-apoptotic effects of melatonin.
Melatonin, the secretory product of the pineal gland, is known to be neuroprotective in cerebral ischemia, which is so far mostly attributed to its antioxidant properties. Here we show that melatonin directly inhibits the mitochondrial permeability transition pore (mtPTP). mtPTP contributes to the pathology of ischemia by releasing calcium and cytochrome c (cyt c) from mitochondria. Consistently, NMDA-induced calcium rises were diminished by melatonin in cultured mouse striatal neurons, similar to the pattern seen with cyclosporine A (CsA). When the mouse striatal neurons were subjected to oxygen-glucose deprivation (OGD), melatonin strongly prevented the OGD-induced loss of the mitochondrial membrane potential. To assess the direct effect of melatonin on the mtPTP activity at the single channel level, recordings from the inner mitochondrial membrane were obtained by a patch-clamp approach using rat liver mitoplasts. Melatonin strongly inhibited mtPTP currents in a dose-dependent manner with an IC50 of 0.8 microM. If melatonin is an inhibitor of the mtPTP, it should prevent mitochondrial cyt c release as seen in stroke models. Rats underwent middle cerebral artery occlusion (MCAO) for 2 h followed by reperfusion. Melatonin (10 mg/kg ip) or vehicle was given at the time of occlusion and at the time of reperfusion. Indeed, infarct area in the brain sections of melatonin-treated animals displayed a considerably decreased cyt c release along with less activation of caspase-3 and apoptotic DNA fragmentation. Melatonin treatment diminished the loss of neurons and decreased the infarct volume as compared with untreated MCAO rats. Our findings suggest that the direct inhibition of the mtPTP by melatonin may essentially contribute to its anti-apoptotic effects in transient brain ischemia.